The energy loss (EL) of 5.486 MeV -particles in ferromagnetic nickel foils was measured at different temperatures of the foils. The temperature of the foils was controlled and recorded using a PC-based temperature controller with an accuracy of ±0.01 ∘ C. It is observed that the energy loss in ferromagnetic nickel increases by 2-5% as the material goes from ferromagnetic to paramagnetic state. Thus our results show that the phase transition in ferromagnetic materials affects energy loss.
Introduction
The study on the phenomenon of penetration of atomic particles through matter is extremely important as they provide a valuable tool for various possible applications such as radiation damage, radiation shielding, and radiation detector development. The reduction in energy loss of the projectile due to dielectric polarisation of the medium is normally referred to as "density effect" as this can be appreciable only in a dense medium. Many experimental results obtained with different projectiles agree well with the theory of Fermi and the detailed calculations of Sternheimer.
The energy loss (EL) of high energy electrons in ferroelectric target is anomalously high at ferroelectric transition temperature [1, 2] . These results indicate that there is a new mode of EL in ferroelectric materials, which is different from any of the known mechanisms of EL.
Ferromagnetic materials are analogous to ferroelectrics and exhibit a long-range ordering phenomenon at the atomic level, which causes the unpaired electron spins to line up parallel with each other in a ferromagnetic domain. Hence, as in the case of ferroelectrics, energy loss of charged particles in ferromagnetism may be affected by the ferromagnetic phase transition. The EL of -particles in iron and gadolinium were measured [3] and it was observed that the EL in paramagnetic state was higher by about 0.2%-1.5% than in ferromagnetic state. Ferromagnetism is much better understood phenomenon compared to the ferroelectricity. Hence in this paper we report the results obtained on the EL of 5.486 MeV -particles in ferromagnetic nickel.
Experimental Set-Up
The energy loss of 5.486 MeV -particles (Am 241 ) in ferromagnetic Ni (Ni-58) of thickness 3 mg/cm 2 (from Good fellow USA) was measured in transmission geometry. The two foils of uniform thickness were stacked in staircase configuration leaving a small gap at upper side of the opening in sample holder (SH). So when a beam of -particles is incident on the sample in SH it is divided into three parts. First one goes through the opening, second one through one layer of film, and third one through two layers of film. The Solid State Surface Barrier Detector of 2 mm thick used to record the energy spectrum shows the incident beam, a beam transmitted through one layer of film, and a beam transmitted through two layers of film, separated from each other by a distance which depends on the thickness of each layer of film. This ensured measurement of EL of -particles in nickel foils with an accuracy of 0.05% that was free from effects of drifts, if any, in performance of the electronics modules used. From the recorded spectrum it is then possible to find EL of -particles in one layer, two layers, and so forth of the film. A Lakeshore model DRC-93CA temperature controller with IEEE-488 interface supplied the current to the heating element and also measured the temperature of the sample and detector by RTD sensors with an accuracy of ±0.1 ∘ C over longer duration [4] .
Result and Discussion
A typical spectrum recorded with Ni foil at room temperature is shown in Figure 1 . The -particle spectrum consisted of three peaks, one sharp peak corresponding to the incident beam and the other two broad asymmetric peaks to the two transmitted beams. It is observed that the broadening of the peak increases with increase in foil thickness is due to straggling effect. The centroid of the incident and transmitted peak channel is obtained by the least-squares fitted to a Gaussian curve. However, for the third peak, only the 80% of entire peak is fitted to the Gaussian as it has broadening effect. From the incident peak, the calibration factor is 24.289 keV/channel and the resolution is 0.84%. Compared with SRIM value, the measured EL is lower by 8.67% in the first foil and higher by 9.94% in the second film.
All the spectra recorded at different temperature were processed in this manner. The variation of energy of transmitted beam energy with the temperature of the 3 mg/cm 2 and 6 mg/cm 2 foils is shown in Figures 2 and 3 , respectively. The corresponding EL in the two foils is shown in Figure 4 approached EL increases sharply and it has a value of 1.336 MeV at 380 ∘ C in the paramagnetic phase. Thus EL increases by 65 keV, that is, by 5.1% as the material goes from ferro-to paramagnetic state. However, for the 6 mg/cm 2 foil EL lies between 3.358 MeV and 3.375 MeV over the entire temperature range from 50 ∘ C to 340 ∘ C in the ferromagnetic region. As the ferromagnetic phase transition temperature of 353.85 ∘ C is approached EL increases sharply and it has a value of 3.430 MeV at 380 ∘ C in the paramagnetic phase. Thus EL increases by 64 keV, that is, by 1.9% as the material goes from ferro-to paramagnetic state. The observed enhancement of EL around the phase transition temperature, compared to its value in the ferromagnetic phase, is similar to the results for EL [1] [2] [3] .
The observed results cannot be attributed to changes in mean excitation potential as the required change in mean excitation potential to give such change in EL would be too large to be realized by phase change [3] . The results are indicative of a new mode of energy loss which is not included in the conventional theory of stopping power of a medium. The possible new mechanism may be as follows: (1) the magnetic fields associated with moving particles are weaker by a factor of 1/137 compared to the electric field; (2) the field is further small because the velocity of -particles of 5-6 MeV is very small. But there is a positive aspect also: the magnetic dipole moment in a ferromagnet is associated with the individual atom. Thus the magnetic field of the moving particle has to interact with individual atomic dipoles and could therefore lead to change in EL. It may not be necessary for the magnetic field to interact with the magnetic domain to account for critical energy loss near . Nevertheless, role of collective effects in ferromagnetic material on the EL is not entirely ruled out and the results emphasize need for further studies in this area. Since there is an enhancement in EL the phenomenon could have an application in radiation shielding [5] .
